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Memoirs

On Prevention of Fogging of Glass Surface

by Condensation of Water Vapour

Tatsuo KOBAYASHI

Superintendent of the Institute,

(Received August 31. 1954)

A glass surface is readily fogged by
condensation of water vapour, if a
warmer and moist air comes into contact
with it. The prevention of such fogging
(or clouding) is often very important.
In fire fighting practice, the fogging of
eye-glasses of masks of respiratory app-
aratus of different types often brings
danger to human lives. The prevention
of fogging of wind-glasses of cars and
trucks is also important

It is known that a surface of ordinary
glass is covered with a thin film of alkali
which is isolated from the glass it-
self, and, consequently, it is more sus-
ceptible to fogging by condensation of
water vapour than a surface of any
other transparent material as of quartz
or of non-alkali glass. Therefore, if a
glass surface is washed well in warm
water, this nature is much weakened.
But the effect is far from perfect and
does not last long.

The writer carried out some research
on various methods of prevention of
fogging of glass surfaces. The following
is a résumé of the results,

1. Forming Oily Film on
Surface.

If a small quantity of oil or grease of
a suitable kind is applied to a glass sur-
face and wiped well, and thus a thin
film of oily substance is formed on it,
the fogging of the surface is in some
measure retarded. Paper or cloth
slightly soaked with silicon oil (or sili-
con resin) is generally used for cleaning
and, at the same time, improving the nat-
This
method is effective only when the condi-

ure of the surface of eye glasses.
tion is not severe, If the temperature
of the glass is much lower than the dew
point of the air comimg into contact with
the surface, this procedure is of no
avail, or often rather harmful, because
the fog condensed on such a surface
obstructs the visibility through the glass
much more than that condensed on a
bare glass surface.

Photos 1 and 2 are microscopic photo-
graphs showing the difference of the na-
ture of droplets condensed on a bare glass
surface and on a surface covered with



The left half of either picture
of droplets condensed

oily film.
is the pattern
on a bare glass surface and the right
half is that produced on an oily film,
The pictures were taken in the ‘ollowing
way: a small drop of very dilute solution
of paraffin in benzene was put on a
slide-glass of microscope use and the drop
was spread on half of the arca of the
glass surface; the solution dried, leaving
an extremely thin film of solid paraffin
on a half of the surface; the slide-glass
was mounted oa a microscope, and the
boundary of the paraffin film and the
bare surface was brought into the field;
the glass surface was fogged by breathing
on it; thea a picture was takea through
the microscope. Photo 1 was taken
after blowing o.ae breath on the surface:
Photo 2 after breathing several times re-
peatedly, that is when coadensation fair-
ly progressed. (When the room tempera-
ture is low, say below 10°C.. the fogging
of axy grade can be attained by breath-
ing o1 it.)

We see that the droplets condensed o2
an oily film are very nearly hemi-spher-
ical, while those on bare glasss surface

NN

Fig. 1

are bigger and flat, Fig.1 shows schemat-
ically the cross-sectional views of droplets
on -oily filmed and bare glass surfaces.
It is obvious that such differcene of the
shapes of droplets comes from inequality
of the contact angles of water to both
surfaces. We see also that the droplets,
especially those oa oily film, are very
small and numerous in the early stage

of condensation, as Photo 1 shows., If the
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condensation goes on continually, the
drop lets grow bigger and. consecutive
pairs of droplets coalesce together, pair
after pair, consequeatly the number of
droplets diminishes. In Photo 2 there are
two irregular shaped and less distinct
droplets in the: oily filmed domain.
Those are droplets coalesced duriug the
exposure.

As all the light rays which fall on the
area covered by flat droplets (left hal-
ves of Photos 1 and 2) pass through the
glass plate, being slightly deflected, but
without suffering much deflection, the
objects on the other side of the plate are
seen through the bare part of it, though
the image becomes more or iess dim and
blurred. As to the surface covered with
hemi-spherical droplets (right halves of
Photos 1 and 2) the feature differs great-
ly. The light rays which hit such drop-
lets are scattered to all directions,
while the light which strikes the narrow
space between droplets passes through
the plate undeflected. Therefore, it is to
be expected that the objects on the other
side of the plate can be seen through it
distinctly by the undeflected light oaly.
But, as the uadeflected light is a small
part of the total light falling on the
whole area, the image is naturally dark.
We can observe experimentally that the
image seen through aa oily fiimed plate is
exact but more or less dark in the early
stage of fogging. When the condensation
progresaes, the image becomes still darker
and, at the same time, the intensity of
scattered light from the droplets on the
p ate surface increases; thus the image
becomes masked by the brightness of the
fog on the surface.

Therefore, the oily film niethod is ef-



fective only when the condensation of
water is trifiing. Photo 9 iz a picture
showing the contrast of the intensities of
both

kinds, when fog is formed on them. The

reflected light from surfaces of

lower part of the picture is a photograph
of a glass plate, the right half of which
has an oily film coating, taken when the
whole surface was fogged by breathing
The: oily half looks brightly
white, while the bare half seems dark,

on it.

because the hemi-spherical droplets scat-
ter all the incident light, while the flat
droplets let the light pass through. (The
back ground is dark.) The upper part of
the picture is a printed matter (b'ack on
white) photographed on the same dry plate
to show comparison of the contrasts.

2. Driving off Alkaline Film
by Electric Discharge.

Quartz plates are slower to start fogg-
ing by coadeasation of water on their
sufraces than ordinary plates’
However, even quartz gets fogged, if the
Photo
7 is a microscopic picture of droplets

It looks

glass
condition is in some degree severe.

condensed on a quartz plate.
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quite like the pattern produced on a bare
surface of glass, the cause being the eqg-
uality of the contact angles of water to
both surfaces. The readiness of ordinary
glass surfaces in condensing water
comes from the isolated alkali. To wash
away this alkali perfectly, special treat-
Besides alkali, the

surface gets contamination of hygroscop-

ments are necessary.

ic corpuscles, which come floating in
the air. Such contamination as well as
the isolated alkali on a glass surface can
be driven away by an electric procedure,
The writer made some 'experimental
research on creeping-spark-discharges on
a surface of insulator plate. (Proceedings
of Physico-Mathematical Society of Japan,
3rd Ser., Vol 13, No, 11, Dec., 1931).
Tig.2 shows the front and side views of
the experimental device diagramatically.
S is an insulator plate(glass or ebonite, 70
cm. square, say) and F is a lead foil (30
cm. square, say) stuck on the back sur-
face of S. B (not shown in the front view)
is a net of thin barbed wire, stretched
on a metal frame of roughiy the same
size as of the foil F. B was held about
10 cm. in front of the surface of S and
. electrically connected to Pi. P; and
P, are electric poles which are in
contact with the front surface of

S and the lead foil F respectively.
When the poles P; and P, were con-
nected to different poles of a high
tension D, C. source of 50 to 70
ki'ovolts, small brushes or glows
appeared at the points of barbs of
B, and the charge thus liberated

into the air (ions), being attracted

B

Side view Front view

Fig. 2

by the charge in F, reached the
front surface of the insulator plate

S and accumulated there.  This



flow of electricity continued for a short
time, say 10 seconds, until the front sur-
face of S opposite to the foil F acquired
nearly the same potential as B and Py,
or the field between B and the front sur-
When this state
was attained, P and P: were cut from

face of S became small.

the high tension source: and P: was
earthed, accordingly the charge on the
front surface of S became unbound, or

turned to free charge. Then P; was

earthed; consequently the charge on S

streamed into Pi. displaying creeping-
sparktracks on the surface of S, and
discharged to the earth.

Pictures of such surface-sparks are
shown in Photos 3 aand 4; Photo 2 being a
discharge of positive surface-charge and
Photo 4 a discharge of negative charge.
When positive surace-charge discharges,
the spark-tracks always fork into nu-
merous branches and the curving of each
When

escapes, the

branch is remarkably smooth.
negative surface-charge
branchings are much less and each
branch has a zigzag form,

If a picture of such a spark is taken
with a more rapid lens on a more sensi-
tive dry plate, still smaller branches will
become visible, However, as it is quite
impossible to get a picture showing the
details of thes terminous parts of each
branch of a surface-spark in this way, the
writer iatroduced an alternative method
as expla ned below. The whole device
shown in Fig. 2 was supported ia hori-
zontal position, the front surface of the
plate S towards up in an utterly dark
room. A photographic dry plate of a large
size (larger than the foil F) was laid
directly on S, sensitive surface upwards,

Charge was given to the upper surface of

the dry plate véry slowly, by raising the
voltage of the source very gradually, be-
cause it is essential to avoid outbreaks
of small sparks and brushes in the
course of charging. Then a spark was
nerated on the dry plate in the same way
geas in the case Photos 3 and 4 were taken,
and the plate was developed. Photos 5
and 6 are small sections of such pictures
Photo 5

shows a discharge of positive surface-

shown in the original scale,

charge and Photo 6 a discharge of negative
charge.

Photo 5 (whole picture of) shows that,
if the surface-charge is positive, the elec-
tric avalanche diverges from the pole and
extends until the whole charged area is
covered, and that one sweep of flow
completes the discharge. Photo 6 shows
that, if the surface-charge is negative, the
discharge is performed by two successive
sweeps (ianterval about 1077 sec.) of break-
do{vn on the whole charged area; in
other words, a preliminary discharge
preczdes the main spark from the pole.

A creeping-spark-discharge on a glass

urface as explained above blows off the
isolated alkali and hygroscopic contami-
As Photos 5 and 6 show,
a surface-spark of the above explained

nation from it.

nature covers the whole charged area
completely, hence a few sparks generated
on a surface are enough to remove all the
contamination and alkali from it. To
carry out this process to a small plane
glass plate, lay it directly on the plate
S and generate sparxs on it. As for the
high teasion source, A. C, is more con-
venient for practical use. It is only to
connect a high tension A. C. source of
about 50 kilovolts to P: and P, for a short

time. (Better to insert a high resistance.

_._4_.__.



Barbed wire net B is not necessary).
Then,

Photo 3 and Photo 4 are generated alter-

surface-sparks of the types of

nately, a pair in each cycle. Photo 10
shows a picture of such sparks generated
o1 S, by closing the A. C. circuit for
about 1/10 second. Very intense lines in
the picture are the trunk tracks of dis-
charge of negative charge and less in-
tense lines are those of positive charge.

A glass plate undergone this treatment
is quite resistive against being fogged.
Photo 8 is a microscopic picture of drop-
lets condensed on such a surface by
steaming on it. The pattern is very
like that condensed on a quartz plate,
which is shown in Photo 7.

Of cotrse the effect of this treatment
does not last long. Therefore, the pro-

cedure must be reiterated occasioinally,

3. Producing Gelatine Film
on Glass Surfzace,

Let dilute gelatine solution ia water
be spread on a surface of a glass plate
(or a lens) uniformly and let it dry, keep-
ing it in horizontal position. Then a thin
gelatine film (not so thin as the paraffin
film mentioned ian Chapter 1) covers
the surface., When water vapour con-
denses on it, gelatine absorbs the water
and the surface is never fogged. There
is no sensible deterioration of tha trans-
parency and exzactness of image until the
film absorbes a certain amount of water
But, if the water content of the gelatine
film exce.ds a limit, the film begins to
increase its thickness remarkably and
loses the exactness of the surface, so the
image seen through it becomes indist-
inct more and more.

This procedure is recommendable for

eye-glasses of masks, because it is quite
effective under ordinally circumstances
and, moreover, the treatment is easy.
The gelatine filin may be spoiled oc—
casionally, In that case, the glass plate
must be washed in warm water and a

new film be put again,

4. Drying Wind Glass by High
Tension Current,

If a pair of metal electrodes is fixed
on a surface of a glass plate and a high
tension voltage of 1 or 2 Kilovolts (when
the distance of the electredes is 1 cm.)
is applied to it, the part of the surface
between the electrodes is never fogged
even in a very severe conditiod. Photo 11
shows an experiment when 2 kilovolts
were applied to the electrodes 1.5 cm.
apart and the glass surface was blown by
a jet of steam, sent from a boiling ket~
tle. When the surface was dry (before it
was blown by steam) very small current

(a small fraction of 1 milliampere) paséed

When the blowing

by steam started, the current increased to

between electrodes.

2 or 3 milliamperes, the lengths of the
electrodes being 6 cm,

When the glass surface was blown by
the steam jet without the high tension
voltage being applied to the electrodes,
fogging started of course at once and the
droplets grew their sizes rapidly. If the
high tension source was connected in this
state, much stronger current than men-
ticned above passed and the part of the
surface between th> elactrodes dried up
in a short time, as shown in Photo 12.

Therefore if a wind glass is provided
with electrodes on its front surface, rain
or snow spattered on it will vanish soon

even in freezing seasons,



This method is commendable for wind
glasses of cars, trucks and airplanes, If
the electrodes are fitted on both the
frontside and inside of a wind glass at
the same positions, the part between them
can be made always perfectly transpar-
ent., As to the high tension source, A.C,
Since A. C. does not
corrode metal electrodes as D, C, does,

is of course suited.

any ordinary metal can be used as the
electrodes, If an ordinary step-up
transformer is used as the high tension
source, a high resistance must be con-
nected in series. A leakage transformer,
as those used for lighting neon tubes,
may be used with safety,

In order to get a large area of vision,
a pair of multiple electrodes arranged as
shown in Fig, 3 is convenient. Narrow
electrodes (or wires) are better to avoid
obstructing the view,

No luminous phenomenon was seen on
the glass surface, when the high tension

circuit was on, in ordinary coenditions,

Fig. 3

But, when the condensation was extreme-
ly intense, or a fog stream was blown
against the surface, very tiny sparks
(visible only in a dark room) appeared
along the edges of the electrodes. ‘

5. Double Wind Glass and
Heating.

If the wind glass is made double sheet-
ed and hot dry air is sent betwesn them,
hoth the front and back sides will be
kept always dry.



Photo 1

Magnification: x8)

Photo 2

Magnification: x80

Photo 4 >



Photo 5 x1 Surface charge pos. Photo 6 x1 Surface charge neg.

Photo 8 X 80 Cleaned glass
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Phqtoelectric Detector of FElectric Arc (2)
By

S. NAKAUCHI and A, WATANABE
Members of the Institute

(Received September 16. 1954)

In our previous report (Part I-Report of F. R. L., Vol. 4 No. 3 1953) we discus-
sed the essential factors of an arc-detector (a device to detect an arcing ground
occurred in a remote controlled D, C, substation for electric railway) and came to
the concélusion that th> plan is workable.

Later, we completed a detector set by way of experiment, and carried out all
the necessary tests. In this report we shall give a full explanation of the results
of our tests, The points to be noted are as follows:

1. Arc-detectors constructed after this principle are fit for practical use. The
connecting diagram is shown in Fig, 8.

2. Suggestions for manufacturing, setting and maintenance of arc-dectors are
given,

3. The quantity of emitted ultra-violet rays from a great power D. C, arc is
proportional to the power of the arc, if Fe-Cu pair of poles is used, but propor-
tional to the current, if the poles are carbon-carbon.

4. Fig. 10 shows the relation betwee1 the quantity of ultra-violet emission
aad the power of the arc in the case of Fe-Cu poles. The quantity of emission
is given by the current generated in a selenium photo-elctric cell.

5. The r -lation of the time lag of the action of the detector from the outbreak
of an arc to the amount of the photo-electric current which passes the meter-

relay (MR in Fig. 8) is shown graphically in Fig. 21.
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